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$S$ (acyclic) [2]. , Waldmann ,
(ground loop) , $S$
[16].
, (TRS) .








$Lxyarrow x(yy)$ $L$ [12]. $L$
Sprenger [13, 14],
[5]. , $Oxyarrow y(xy)$ $O[12]$ [6, 7].
, Waldmann [16] ,
$O$ .
*This paper is an extended abstract and the detailed version will be published elsewhere.
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[2], [16], [15] . ,
.
2.1
[1] 7 [3], $[$4] .
, $Z$ . $\equiv$ .
$\mathcal{V}$ $(\{Z\}\cap \mathcal{V}=\emptyset)$ . $Z$ $CL(Z, \mathcal{V})$
. (1) $\mathcal{V}\subseteq CL(Z, \mathcal{V}),$ (2) $Z\in CL(Z, \mathcal{V}),$ (3) $s,$ $t\in CL(Z, \mathcal{V})$
$(st)\in CL(Z, \mathcal{V})$ . $CL(Z, \mathcal{V})$ $Z$- . , $Z$ $Z-$
, $Z$- $CL(Z)$ . $Z$- , , $0$
$Z$- $CL(\{Z, \square \}, \mathcal{V})$ . (1) $\mathcal{V}\subseteq CL(\{Z,$ $\}, \mathcal{V})$ ,
(2) $Z\in CL(\{Z,$ $\}, \mathcal{V}),$ (3) $\in CL(\{Z,$ $\}, \mathcal{V}),$ (4) $s,$ $t\in CL(\{Z,$ $\}, \mathcal{V})$ $(st)\in$
$CL(\{Z$, $\}$ , $\mathcal{V})$ . $1$ $Z$- $C[]$ . $C[t]$ $Z$- $C[]$
$Z$- $t$ . $(st)$ $st$ .
, , $s_{1}s_{2}\cdots s_{n}$ $((s_{1}s_{2})\cdots s_{n})$ . $Z$- $t$
$Var(t)$ . $\sigma$ $\mathcal{V}$ $CL(Z, \mathcal{V})$ $Dom(\sigma)=\{x\in \mathcal{V}|\sigma(x)\not\equiv x\}$
. $\sigma$ $\{xarrow\sigma(x)|x\in Dom(\sigma)\}$ . $\sigma$
$Z$ $Z$- $B_{1},$ $\cdots,$ $B_{n}$ , $\sigma(ZB_{1}\cdots B_{n})=Z\sigma(B_{1})\cdots\sigma(B_{n})$
$\sigma$ : $CL(Z,$ $\mathcal{V})arrow CL(Z, \mathcal{V})$ . , $\sigma(t)$ $t\sigma$
. $Zx_{1}\cdots x_{n}arrow t$ $Z$ ,
:(1) $x_{1},$ $\cdots,$ $x_{n}$ , (2) $Var(t)\subseteq\{x_{1}, \cdots, x_{n}\},$ $(3)$
$Z$ $Z$- $t$ . $Zx_{1}\cdots x_{n}arrow t$ $CL(Z, \mathcal{V})$
$arrow$ : $sarrow t\Leftrightarrow$ $Z$- $C[],$ $B_{1},$ $\cdots,$ $B_{n}\in CL(Z, \mathcal{V})$
, $s\equiv C[ZB_{1}\cdots B_{n}]$ $t\equiv C[t\{x_{1}arrow B_{1}, \cdots, x_{n}arrow B_{n}\}]$ . , $ZB_{1}\cdots B_{n}$ Z-
. $arrow$ $t_{0}arrow t_{1}arrow t_{2}arrow\cdots$ ,
. $arrow$ $arrow^{+}$ . $tarrow^{+}t$ (cyclic)
. $arrow$ , $Z$ (acyclic)
. $C[]$ $Z$- , $\sigma$ . $tarrow^{+}C[t\sigma]$ (IOOP) .
$arrow$ , $Z$ . $tarrow^{+}C[t]$
(ground loop) . $arrow$ ,
$Z$ . $Z$ .
, $Z$ . ,
$Z$ . , $Z$
. [12]
1 $K,$ $I,$ $J$ 2 .
1 .
$\iota$ , Turing $U$ .





$\mathcal{F}$ . $0$ .
$\mathcal{V}$ $(\mathcal{F}\cap \mathcal{V}=\emptyset)$ . $\equiv$ . $\mathcal{F}$
$T(\mathcal{F}, \mathcal{V})$ . (1) $\mathcal{V}\subseteq T(\mathcal{F}, \mathcal{V})(2)f$ $n$
$(n\geq 0),$ $t_{1},$ $\cdots,$ $t_{n}\in T(\mathcal{F}, \mathcal{V})$ $f(t_{1}, \cdots, t_{n})\in T(\mathcal{F}, \mathcal{V})$ .
, $T(\mathcal{F})$ . $\mathcal{F}\cup\{$ $\}$
. , $0$ $T(\mathcal{F}\cup\{$ $\}, \mathcal{V})$
. (1) $\mathcal{V}\subseteq T(\mathcal{F}\cup\{$ $\}, \mathcal{V}),$ (2) $\in T(\mathcal{F}\cup\{$ $\}, \mathcal{V}),$ (3) $f$ $n$
$(n\geq 0),$ $t_{1},$ $\cdots,$ $t_{n}\in T(\mathcal{F}\cup\{\square \}, \mathcal{V})$ $f(t_{1}, \cdots, t_{n})\in T(\mathcal{F}\cup\{$ $\}, \mathcal{V})$ . $C$
1 , $C[]$ . $C[t]$ $C[]$ $t$
. $t\equiv C[s]$ , $s$ $t$ ,
$s\underline{\triangleleft}t$ . $t$ $Var(t)$ . $\sigma$ $\mathcal{V}$ $T(\mathcal{F}, \mathcal{V})$
$Dom(\sigma)=\{x\in \mathcal{V}|\sigma(x)\not\equiv x\}$ . $\sigma$
$f(t_{1}, \cdots, t_{n})\in T(\mathcal{F}, \mathcal{V})$ , $\sigma(f(t_{1}, \cdots,t_{n}))=f(\sigma(t_{1}), \cdots, \sigma(t_{n}))$
$\sigma$ : $T(\mathcal{F}, \mathcal{V})arrow T(\mathcal{F}, \mathcal{V})$ . , $\sigma(t)$ $t\sigma$
. $larrow r$ $F$ $T(\mathcal{F}, \mathcal{V})$ , :
$l\not\in \mathcal{V}$ $Var(r)\subseteq Var(l)$ . (TRS) . TRS
$\mathcal{R}$
$s$ $t$ , $\sigma$ , $C[]$ $larrow r\in \mathcal{R}$
$s\equiv C[l\sigma|$ $t\equiv C[r\sigma]$ , $sarrow_{\mathcal{R}}t$ . $l\sigma$
. $s$ $\Delta$ $t$ , $sarrow^{\Delta}t$ .
$t$ : $t$ root $(t)\equiv t,$ $t\equiv f(t_{1}, \cdots , t_{n})(n\geq 0)$
root$(t)\equiv f$ . TRS $\mathcal{R}$ $t_{0}arrow nt_{1}arrow nt_{2^{arrow \mathcal{R}}}\cdots$ ,
. TRS $\mathcal{R}$ $arrow n$ $arrow_{R}^{+}$ . TRS $\mathcal{R}$ ,
t $arrow$ . TRS $\mathcal{R}$ ,
. $C[]$ , $\sigma$ . TRS $\mathcal{R}$ , $tarrow_{R}+C[t\sigma]$ / $\triangleright$–
. TRS $\mathcal{R}$ , . TRS $\mathcal{R}$ ,




1 TRS , [8]. Middeldorp
, 1 TRS
. Waldmann $S$ [2] ,
$S$ , , $S$-
$[$ 16$]$ .
, Waldmann $S$ )I$\vdash$ [16]
$O$ .
3.1 $TRS\mathcal{R}(O)$ $\mathcal{F}(\mathcal{R}(O))$ $O$ 2 $\circ$
, $TRS\mathcal{R}(O)$ :
$\mathcal{R}(O)=\{(O\circ x)\circ yarrow y\circ(x\circ y)\}$ .
3.2 $TRS\mathcal{R}_{n}(O)$ $\mathcal{F}$( $\mathcal{R}$n(0)) $=\{O_{l}$
$\circ_{1},$ $\circ_{2_{1}}\cdots,$ $\circ_{n},$ $\circ_{n+1},$ $\cdots\}$ ( $\circ_{i}(1\leq i)$ 2 ) :
$\mathcal{R}_{n}(O)=\{(O\circ_{l}x)\circ_{k}yarrow y\circ_{k+1}(x\circ_{k}y)|1\leq k\leq n, 1\leq l\}$ .
: $0_{n+1}$ . , $i\leq j$ , $\mathcal{R}_{i}(O)\subseteq$
$\mathcal{R}_{j}(O)$ .
33 $n(\geq 1)$ , $\mathcal{R}_{n}(O)$ .
, [16] , $O$ .
3.4 $T(\mathcal{F}(\mathcal{R}(O)))$ $T(\mathcal{F}(\mathcal{R}_{n}(O)))$ (right depth)
:
$d_{r}(O)=0,$ $d_{r}(Xo_{l}Y)=1+d_{r}(Y)$ .
3.5 $T(\mathcal{F}(\mathcal{R}_{n}(0)))\ni Xarrow \mathcal{R}.(O)Y$ f $d_{r}(X)\leq d_{r}(Y)$ .
3.6 $T(\mathcal{F}(\mathcal{R}_{n}(O)))\backslash \{O\}$
:
root $(t)\equiv 0_{k}$ , label $(t)=k$ .
3.7 $(fl\theta])$ , $X$ (consistent)
.
$\forall X’\underline{\triangleleft}X(X’\not\equiv O)$ , $d_{r}(X’)\geq label(X’)$ .
, . , ,
TRS $\mathcal{R}_{n}(O)$ .
3.8 $X(\in T(\mathcal{F}(\mathcal{R}_{n}(O))))$ $Xarrow \mathcal{R}_{n}(O)Y$ , $Y$ .




3.10 forget : $T(\mathcal{F}(\mathcal{R}_{n}(O)))arrow T(\mathcal{F}(\mathcal{R}(O)))$ , $\circ_{l}$
$\circ$ .
3.11 $n(\geq 1)$ , $T(\mathcal{F}(\mathcal{R}_{n}(O)))\ni Xarrow \mathcal{R}_{n}(O)Y$ , forget (X)
$arrow R(O)$ forget $(Y)$ .
312 $\mathcal{R}(O)$ $T(\mathcal{F}(\mathcal{R}(O)))\ni X_{1}arrow R(O)\Delta_{1}X_{2}arrow R(O)\Delta_{2}X_{\theta}$
$arrow \mathcal{R}(O)\Delta_{3}\ldots$ , $k(\geq 1)$ , $d_{r}(\Delta_{k})\leq n$ . , $X_{1}’\equiv$
$tag(X_{1})$ $k(\geq 1)$ forget $(X_{k}’)\equiv X_{k}$ $\mathcal{R}_{n}(O)$
$X_{1}^{l}arrow \mathcal{R}_{n}(O)X_{2}’arrow \mathcal{R}_{n}(O)X_{3}^{l}arrow \mathcal{R}_{n}(O)\ldots$ .
3.13 $\mathcal{R}(O)$ $T(\mathcal{F}(\mathcal{R}(O)))\ni X_{1}arrow \mathcal{R}(O)\Delta_{1}X_{2}arrow \mathcal{R}(O)\Delta_{2}X_{3}arrow \mathcal{R}(O)\Delta_{3}\ldots$
. , $d_{r}(\Delta_{k})(k=1,2, \cdots)$ .
3.14 $TRS\mathcal{R}(O)$ , .
3.15 $CL(O)$ .
316 $O$ $CL(O, \mathcal{V})$ $CL(O)$
.
, 3.15 3.16 .
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